However, three patients required a second open heart surgical procedure because tachyarrhythmia recurred. There were no surgical deaths. Failures for radiofrequency ablation were related to accessory pathway location, and were greater for right free wall and posteroseptal pathways (success rate of 50%/O and 57% respectively). Recurrence after surgery was also associated with pathways in these locations.
centre. Patients and interventions-Over a 16 month period 22 patients aged less than 20 years (median age 16-5 years) underwent 26 radiofrequency ablation procedures for atrioventricular reentry tachycardia through an accessory pathway. The results of radiofrequency ablation were compared with those in a group of 16 patients (median age 14 years) who had had surgical ablation for atrioventricular reentry tachycardia over a preceding six year period. Results-Ablation of an accessory atrioventricular pathway was accomplished for 18 (76%) of 25 pathways in 16 (73%) of 22 patients. There were no procedurerelated complications. Surgery was eventually curative in 15/16 patients (94%).
However, three patients required a second open heart surgical procedure because tachyarrhythmia recurred. There were no surgical deaths. Failures for radiofrequency ablation were related to accessory pathway location, and were greater for right free wall and posteroseptal pathways (success rate of 50%/O and 57% respectively). Recurrence after surgery was also associated with pathways in these locations.
Concuonsc-Transcatheter mdiofirequency current ablation was safe and achieved a cure with less patient morbidity and improved cost efficiency. It is an attractive alternative to long-term drug therapy or surgery in older children and adolescents. A higher success rate may be expected with increased experience.
In selected centres transcatheter radiofrequency current ablation is being increasingly used to treat patients with reentrant tachyarrhythmias caused by an accessory atrioventricular pathwayl4 or atrioventricular nodal reentrant tachycardia. The procedure can be performed with few acute complications, and the early follow up Failures occurred with seven pathways (three posteroseptal, two left lateral, and two right anterior pathways) in six patients (despite two attempts in two of them). In most failure was due to the inability to maintain stable catheter contact with the endocardium during delivery of radiofrequency energy. Success or failure of ablation was not related to the presence or absence of accessory pathway potentials.
PATHWAY LOCATION AND SUCCESS RATE FOR ABLATION
A higher success rate was achieved for left free wall pathways; 12 (86%) of 14 pathways were ablated successfully either at the initial or second procedure. In contrast, for right free wall and posteroseptal accessory pathways the success rate was 50% (2/4 right free wall pathways) and 57% (4/7 posteroseptal pathways).
COMPLICATIONS
There were no complications associated with the introduction of multiple intracardiac catheters, even in smaller patients. For leftsided pathways that were approached from the femoral artery, no arterial complications occurred. In these patients a transseptal approach was not used in any case. For patients with right-sided accessory pathways and a failed ablation procedure from the femoral venous approach, the internal jugular venous approach was not used. Patients were discharged within 48 hours of the procedure, and where the procedure was successful antiarrhythmic medications were discontinued. Before discharge 12-lead electrocardiograms confirmed the absence of preexcitation in patients with successful procedures and cross sectional echocardiography showed no pericardial effusion or intracardiac thrombus. Cardiac enzymes were not routinely measured. surgery. The median duration of hospital stay was eight days (range 7-10 days). Over the follow up period of 4-3 years (range 05-6 3 years), four patients (25%) had a recurrence of tachyarrhythmia, confirmed by electrophysiological testing. These included two with right posteroseptal pathways, one with a left posteroseptal pathway, and one with right lateral pathway. Three of the four patients underwent successful reoperation at a median of 13 months after the initial surgical procedure (table 2) . The fourth patient, with a residual overt right posteroseptal pathway, had no symptoms at follow up. Nonsustained reentrant tachycardia could, however, be induced, albeit with difficulty, at electrophysiological study.
Discussion Application of radiofrequency current produces circumscribed lesions in the cardiac tissues, of the order of 0-2 cm3 as a result of resistive heating of tissues. 9 The absence of explosive gas formation or barotrauma makes it a safer procedure than direct current shock ablation, and this may be more relevant in smaller hearts. The absence of neuromuscular stimulation also allows the procedure to be performed in adolescents without general anaesthesia. Transcatheter ablation by radiofrequency energy may effect a non-surgical cure and avoid the necessity for long-term administration of antiarrhythmic agents, with the attendant problems of dosage titration, electropharmacological testing, potential toxic effects, or compliance in young patients. Additionally, it is possible in most patients to combine the diagnostic electrophysiological study with ablation during a single procedure. 2 The small lesion size necessitates precise localisation of the appropriate target site for energy delivery and the ability to maintain stable contact with the target site to achieve continuous current delivery. This is generally more easily achieved with left-sided free wall pathways, because the catheter can be firmly wedged below the mitral valve annulus from the left ventricular approach.' In contrast, catheter manipulation and positioning is more difficult when right free wall pathways are approached from the atrium. The trabeculation of the right ventricle also makes it difficult to maroeuvre the catheter within this chamber of a smaller heart. Similar difficulties have also been encountered with posteroseptal pathways (left or right sided) in adults. The relatively low overall success rate compared with adult series may be explained in part by the large number of pathways in these "difficult" locations (13 of 25 pathways were in the right free wall or posteroseptal region) for which ablation was attempted.3 In smaller children it was more difficult to manoeuvre the relatively large ablation catheter to the position for mapping and ablation. The lower success rate is not the result of a learning curve, because the success rate for the first 50 ablation procedures in adults from this institution was 81%. 1 Even with open heart surgery there was a 30% (three of 10 pathways) failure rate after the first procedure for posteroseptal accessory pathways and a 20% (one of five) failure rate for right lateral pathways. Radiofrequency energy was always delivered in the unipolar mode, between the ablation catheter and a large surface electrode. It has been recently suggested that bipolar endocardial ablation through two catheters located in the right and left posteroseptal spaces respectively may be more effective with some posteroseptal pathways, and this approach needs to be considered."' Many of the patients in this series were teenagers. The cutoff age of the study population was extended to 19 years, and we feel that this is justified because most patients had symptoms dating back several years before the ablation attempt and all are being followed up by paediatric cardiologists. This has also allowed comparison with a surgical group of a similar age range. It must also be stressed that the follow up periods for the two groups are entirely different. Though no selection criteria were applied to patients undergoing radiofrequency ablation, apart from clinical need to cure the tachyarrhythmia; referral of patients for transcatheter ablation has increased as a result of the initial promise of the technique. This may account in part for the larger number of patients undergoing ablation within a shorter timespan compared with patients treated by surgery.
No acute complications were encountered, but longer term follow up is needed to assess fully the safety of radiofrequency ablation. To avoid potential complications, no attempt was made to map the right atrioventricular groove via the right coronary artery. Likewise, radiofrequency energy was not delivered within the coronary sinus in any patient. Of more importance to children is the effect of prolonged radiation exposure. It has been estimated that each hour of x ray imaging is associated with a lifetime risk of developing a fatal malignancy of 0 1% and a risk of a genetic defect of 20 per million births.'2 Though these are small risks, efforts should be made to limit radiation exposure. Thus though the success rate may be improved by prolonging the duration of the procedure, at some point surgical treatment may become safer.
In conclusion, radiofrequency current ablation offers exciting prospects for safe ablation of a wide range of reentrant tachyarrhythmias in younger patients. Higher success rates may be achievqd with increasing experience and with the use of specially designed catheters for children.
